Abstract: The Rashba effect, whose experimental access is usually masked by the Dresselhaus effect, allows manipulation of spins in semiconductor spintronics. Based on the far-infrared radiation induced spiugalvanic effect, we present a unique way to separate both types of spin-orbit coupling.
Introduction
The manipulation of the spin of charge carriers in semiconductors is one of the key problems in the field of spintronics. In the paradigmatic spin transistor, e.g. proposed by Datta and Das [l] , the electron spins injected from a ferromagnetic contact into a twodimensional electron system are controllably rotated during their passage from source to drain by means of the Rashba spin-orbit coupling 121. The coefficient a, which describes the strength of the Rashba spinorbit coupling, and hence the degree of rotation, can be tuned by gate voltages. This coupling stems from the inversion asymmetry of the confining potential of two-dimensional electron (or hole) systems. In addition to the Rashba coupling, caused by structure inversion asymmetry (SIA), also a Dresselhaus type of coupling of strength p contributes to the spin-orbit interaction.
The latter is due to bulk inversion asymmetry (BIA) including phenomenologically inseparable interface inversion asymmetry (IIA) 131. Both, Rashba and Dresselhaus couplings result in spin-splitting of subbands in k-space ( Fig. 1) Fig. 1 d,e. tures via the voltage drop acr'oss a 50 0 load resistor in a To obtain the Rashba-and Dresselhaus contributions closed circuit configuration [5] . It is detected for right the spin-galvanic effect is measured for a fixed orients- (  ,  ,  + ) and left ( 0 -) handed circularly polarized r d i = tion of SI, for all accessible directions 0 (see Fig. Zc ). tion. The spin-galvanic current j s ,~, studied bere, is According to Eq. (2) the current j~ always flows Perextracted after eliminating current contributions which pendicularly to the spin Polarization SII~ and J'D enare helicity independent ~S C E = (&+ -jm-) 12.
Spin-orbit interaction
closes an angle -2'p with SII. Here 'p is the angle hetween SI, and the z-axis. Then, the current component
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along &y direction given by angle Q can be written as a sum of the projections of j , and j , on this direction We employ the spin-galvanic effect to extract the ratio of the Rashba and the Dresselhaus contributions. The
~s G E ( Q ) = j~c o s ( 8 + ' p ) + j~s i n ( 0 -' p ) . (4)
spin-galvanic current is driven by the electron in-plane Evaluating the measurements using this yields average spin SI, according to [4, 51:
immediately the ratio between Rashba and Dresselhaus terms. The best value obtained here is j R / j D = a/@ = 2.1 in a good agreement to theoretical results [7] which predict a dominatina Rashba sdn-orbit condine for (2) Therefore, the spin-galvanic current j s m for a certain direction of SII consists of Rashba and Dresselhaus coupling induced currents, j , and j , (see The non-equilibrium in-plane spin polarization Si 1 is prepared as described recently [4]: Circularly polarized light at normal incidence on the QW plane polarizes the electrons in the lowest conduction subband resulting in a monopolar spin orientation in the z-direction (Fig. 2b ). An in-plane magnetic field ( B = 1 T) rotates the spin around the magnetic field axis (precession) and results in a non-equilibrium in-plane spin polarization SII c x WLT., where W L is the Larmor frequency and rS is the spin relaxation time. In the range of the applied magnetic field strength the spin-galvanic current in the present samples at room temperature rises linearly with B indicating W L T~ < 1 and, thus, the Hade effect is not present. The angle between the magnetic field and SII in general depends on details of the spin relaxation process. In the InAs QW structures investigated here, the isotropic Elliott-Yafet spin relaxation mechanism dominates 
